ABSTRACT
INTRODUCTION
Pelvic organ prolapse (POP) is a highly prevalent condition. A common recommended treatment for POP is the use of a vaginal pessary 1, 2 and its efficacy has been confirmed in a recent randomized controlled trial and prospective studies [3] [4] [5] [6] . However, expulsion of vaginal pessaries remains a major issue, the reported rate of pessary expulsion being around 30-60% 5 . Previous studies have shown several risk factors to be associated with unsuccessful pessary fitting, namely short vaginal length and wide vaginal introitus 7 . Other factors, including age and stage of prolapse, have also been reported to influence women's long-term use of a vaginal pessary 8, 9 . Levator ani muscle (LAM) avulsion is known to be associated with POP [10] [11] [12] and it is also related to symptoms of prolapse and surgical outcome of prolapse repair [13] [14] [15] . The association between successful use of a vaginal pessary and pelvic floor muscle and hiatal dimensions has not been adequately examined to date. Pelvic ultrasound is increasingly used to assess the pelvic floor and elucidation of this association may improve counseling and treatment. This study was conducted to investigate whether the presence of LAM avulsion and muscle and hiatal biometry, as evaluated by transperineal ultrasound, are associated with expulsion of a vaginal pessary within 1 year of placement in women with POP.
METHODS
This was a prospective observational study conducted in a tertiary urogynecology center from January 2011 to July 2014. Consecutive women were recruited who presented with symptomatic POP and who had not received treatment for the condition before the consultation. If the women opted to have a vaginal pessary after the treatment counseling, the largest ring pessary that was comfortable for the woman was used. If the vaginal pessary slipped out, re-insertion of the same or next size of vaginal pessary was performed up to three times. Double ring pessaries could be used according to the clinical assessment 16 . Women with POP who had a pessary fitted in our center and for whom follow-up information was available after 1 year were included in the study. Women who underwent prolapse surgery or requested removal of their pessary during the first year were excluded. Data for women who continued pessary use for 1 year were compared with those for women whose pessaries were expelled within the year. The study was approved by the Joint Chinese University of Hong Kong-New Territories East Cluster Clinical Research Ethics Committee (CRE-2009.584).
Baseline demographics and clinical history were recorded and standard physical examination was performed using the pelvic organ prolapse quantification (POP-Q) system. Transperineal ultrasound was performed with the woman in supine position after bladder emptying using a GE Voluson 730 Ultrasound system (GE Medical Systems, Zipf, Austria), with a 4-8-MHz three-dimensional curved-array transducer. Volume acquisition was performed at rest, on maximum Valsalva maneuver and on maximum pelvic floor muscle contraction (PFMC), as described previously 17, 18 . At least three PFMC and Valsalva maneuvers were performed and the volumes acquired on the most effective contractions were used for analysis. Ultrasound assessment was performed before the insertion of the vaginal pessary.
All ultrasound volume datasets were analyzed offline on a desktop computer using the proprietary software 4D View (version 10.3, GE Medical Systems) by the same investigator (R.C.) who was blinded to the outcome of pessary use. The following ultrasound parameters were assessed: anteroposterior (AP) and transverse diameters of the levator hiatus and the hiatal area and circumference in the axial plane of minimal hiatal dimensions 18 . The LAM was assessed using tomographic ultrasound imaging on volumes obtained at maximum PFMC at 2.5 mm slice intervals, from 5 mm below to 12.5 mm above the plane of minimal hiatal dimensions (Figure 1 ). The levator-urethra gap (LUG) was also measured. Presence of LAM avulsion was defined as complete avulsion in at least the three central slices and a cut-off of 23.6 mm for LUG 19, 20 . Statistical analysis was performed using SPSS Statistics for Windows version 22 (IBM Corp., Armonk, NY, USA). All continuous variables were normally distributed. A two sample t-test was used for continuous parameters while the chi-square test was used for categorical parameters. Variables identified to be significant on univariate analysis were entered into a multiple regression model. Multivariate analysis of standard binary logistic regression was performed to control for potential confounders of the association between successful use of vaginal pessary and ultrasound parameters. A P-value of < 0.05 was considered to be statistically significant.
RESULTS
A total of 855 women with POP presented to our clinic from January 2011 to July 2014. A vaginal pessary was placed in 418 women who had not received any treatment for POP before the consultation. Of these, 163 women were subsequently excluded from the study, including 38 women who requested removal of the pessary due to urinary symptoms or vaginal discharge, 44 who underwent surgery within 1 year and 81 who were lost to follow-up at 1 year. Thus, a total of 255 women with a vaginal pessary were included in the analysis. There was no significant difference in demographic data between the included and excluded women. One hundred and forty-seven (57.6%) women had the vaginal pessary in place continuously over 1 year and in 108 (42.4%) the pessary was expelled within 1 year. In most cases (n = 104), the pessary was expelled within 2 weeks of placement, however, in four cases it was expelled between 2 weeks and 6 months. Basic demographic data of the women are shown in Table 1 . There was no difference between the two groups with respect to age, body mass index, menopausal status, sexual status, parity, number of vaginal deliveries and history of hysterectomy. A higher proportion of women with more severe prolapse (i.e. Stage III or Stage IV) had pessary expulsion within 1 year (OR, 3.3; 95% CI, 1.87-5.80; P < 0.01). Apical compartment prolapse was associated with higher risk (OR, 2.3; 95% CI, 1.37-3.90; P = 0.02) of pessary expulsion while anterior compartment prolapse was associated with lower risk (OR, 0.5; 95% CI, 0.32-0.87; P = 0.01).
In total, LAM avulsion was diagnosed on transperineal ultrasound in 99 (38.8%) women, including 20 (20.2%) with left side, 19 (19.2%) with right side and 60 (60.6%) with bilateral avulsion. There was no difference with respect to age, body mass index, menopausal or sexual status, parity, number of vaginal deliveries, history of hysterectomy or most severe prolapse compartment between women with and those without LAM avulsion. LAM avulsion was found more often in women with pessary expulsion within 1 year than in those in whom the pessary was retained (53.7% (58/108) vs 27.2% (40/147); OR, 3.1; 95% CI, 1.84-5.24; P < 0.01). LAM avulsion was also associated with more severe (i.e. Stage III or Stage IV) prolapse (OR, 2.8; 95% CI, 1.6-4.9; P < 0.01).
All hiatal circumference and area measurements at rest, on maximum PFMC and on maximum Valsalva were higher in women with pessary expulsion within 1 year compared with those in whom the pessary was retained (Table 2) . LAM avulsion was associated with higher hiatal area measurements at rest (mean difference, 4.2 (95% Clinically, POP-Q Stage III or IV and most severe prolapse observed in the apical compartment were associated with failure to retain a vaginal pessary for 1 year (Table 1) . Transperineal ultrasound findings of LAM avulsion, larger hiatal circumference and area at rest, during Valsalva or during PFMC, were also associated with failure to retain the pessary (Table 2) . On multivariate regression analysis, POP-Q Stage III or IV and LAM avulsion remained independent factors for pessary expulsion (OR, 2.43; 95% CI, 1.22-4.86; P < 0.01; and OR, 3.18; 95% CI, 1.59-6.35; P < 0.01, respectively). Other variables did not remain statistically significant in multivariate testing. Data are given as mean ± SD. P < 0.05 was considered statistically significant. AP, anteroposterior.
DISCUSSION
The findings of this prospective study are consistent with those of previous studies that have shown Stage III or IV prolapse to be an independent risk factor for expulsion of a vaginal pessary. In addition, the presence of LAM avulsion on transperineal ultrasound shows a stronger association with pessary expulsion than does the staging of prolapse, which can help to predict the success of pessary placement. A vaginal pessary is a common treatment for POP, with 75% of specialist clinicians in USA offering this as first line treatment 1 . However, previous publications have reported that only 41-61% of women continued pessary use after 3-4 weeks and 56-58% after 6-12 months 3, [21] [22] [23] . Pessary expulsion is a major reason for discontinuation as the successful fitting rates have been reported to be around 41-73% in initial use 7, 22 . Some authors suggested persistent trial of a pessary by using different sizes or types of pessaries if the initial one was expelled. However, pessary expulsion may in fact cause significant anxiety and frustration to the patient. It would be useful if we could identify women who are more likely to have expulsion of the pessary. This could provide further information for patients to consider before deciding whether to accept this treatment. Some clinical parameters have been suggested including short vagina, wide introitus, and history of previous hysterectomy or prolapse surgery as risk factors for failed pessary fitting 7, 22 . This report provides new information about LAM avulsion and hiatal dimensions in relation to the expulsion of vaginal pessaries.
LAM avulsion was found in over 50% of women with POP in a previous study by DeLancey et al. 11 and has been associated with prolapse symptoms 12 . It is also associated with the outcome after prolapse surgery 24 . Women with intact LAM had better anterior vaginal support than those with major levator defects at 6 weeks after primary prolapse surgery 25 . Vaginal mesh repair for cystocele also resulted in less cystocele recurrence in women with levator avulsion 26 . In this study, we found a similar rate of LAM avulsion in women with POP and also showed the association of LAM avulsion with pessary expulsion. Women with LAM avulsion are therefore more likely to have vaginal pessary dislodgment and, if subsequent prolapse surgery is considered, vaginal mesh repair could be performed. Hiatal distension is strongly associated with LAM avulsion 27 . In our study, all hiatal circumference and area measurements at rest, during Valsalva and on PMFC were found to be significantly different between women with and those without pessary expulsion within 1 year. We also showed the association of LAM avulsion and hiatal area at rest and on PFMC. Although the difference was not significant on multivariable analysis after including LAM avulsion, we suspect that distension of the hiatus is positively related to the duration of prolapse.
Potential weaknesses of this study should be acknowledged. Selection bias may exist as only women who agreed to try pessary treatment at first visit were included in this study. We also noted a lower prevalence of posterior compartment prolapse in our population when compared with other population cohorts 7, 22 . Furthermore, a single type of pessary was used, i.e. a ring pessary, as it is the commonest type of pessary in our locality. The manufacturer recommended a Gellhorn pessary or other space filling pessaries for women with Stage III or Stage IV prolapse. Instead of the Gellhorn pessary, we used double ring pessaries for women who had single ring pessary expulsion 16 . In this study, only four (1.6%) women required placement of a double ring pessary. Strengths of this study include its large study population and adequate follow-up period of 1 year. Previous studies have reported expulsion at 2-3 weeks, but we noted the expulsion can happen from 2 weeks to 6 months after insertion (4/108, 3.7%).
Furthermore, this study provided new information by assessing LAM by transperineal ultrasound, which is an easily accessible tool with standardized definitions for all parameters measured 28, 29 . The interobserver and intraobserver validity has been confirmed 30 . In conclusion, at 1 year's follow-up after vaginal pessary placement for POP, LAM avulsion was associated with a 3 times higher risk of pessary expulsion. More severe staging of prolapse was also associated with increased risk of pessary expulsion. Pessary expulsion usually occurs within 2 weeks after insertion, but it can also happen within 6 months. Further investigation is encouraged to confirm our results. This will provide a more reasonable expectation for women during counseling for treatment of prolapse.
